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The Strength of CFS Floor Assemblies with Clip Angle 
Bearing Stiffeners 
Steven R. Fox1 
Abstract 
Bearing stiffeners made from C-stud or track sections are commonly used in 
cold-formed steel construction to strengthen the C-section floor joists at bearing 
locations. Clip angles are also used extensively in cold-formed steel construction 
and can also have applications as bearing stiffeners. Described in this paper are 
the results of an experimental investigation into the strength of cold-formed steel 
floor joist assemblies utilizing clip angles as bearing stiffeners. The 
investigation consisted of 120 end-two-flange loading tests of typical floor 
configurations carried out to determine the influence of joist depth and 
thickness, clip angle thickness, and offset loading. A design approach to 
calculate the capacity of a clip angle bearing stiffener is proposed. The design 
method incorporates the web crippling capacities of the floor joist, rim track and 
a reduced axial capacity of the clip angle. It was also found that offsetting the 
applied load from the centerline of the floor joist can cause a significant 
reduction in the strength of the assembly accompanied by large deformations: 
consequently, limitations are proposed. 
Introduction 
Stiffeners are commonly used in cold-formed steel construction to strengthen the 
floor joists at bearing locations. Testing has been carried out on assemblies 
using stud and track sections as bearing stiffeners (Fox, 2002; Fox and Schuster, 
2002; Fox and Schuster, 2003), and design provisions have been incorporated 
into the North American Specification for the Design of Cold-Formed Steel 
Structural Members (AISI, 2004a). Testing has also been carried out on the 
effects of an offset load applied to a stiffened assembly (AISI, 2003) resulting in 
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changes to the AISI Standard for Cold-Formed Steel Framing - General 
Provisions (AISI, 2004b). 
Clip angles are products used extensively in cold-formed steel construction that 
could also have an application as bearing stiffeners. Preliminary tests carried out 
at the University of Waterloo (House et. al., 2002), showed that this possibility 
was true. Floor joist assemblies with clip angle bearing stiffeners can develop 
significant resistance to end-two-flange loading; however, the strength decreases 
as the difference between the length of the clip angle and the joist depth 
increases. This initial work showed the merits of further study. 
Objective and Scope 
The objective of the project described in this paper was to develop a predictor 
equation for the capacity of cold-formed steel floor assemblies with clip angle 
bearing stiffeners subjected to end-two-flange loading. This was an experimental 
investigation that varied the following characteristics of the assembly: 
i) clip angle thickness; 
ii) joist and rim track depth and thickness; 
iii) clip angle positioned between joist flanges or on back of joist; and, 
iv) load path offset. 
Test Configurations and Set-Up 
The test procedure consisted of a series of end-two-flange loading tests on 
stiffened joist assemblies as illustrated in Figure 1. The assemblies were made 
with four joist pieces, complete with rim track and bearing stiffeners, simulating 
typical construction. This configuration allowed for four tests to be run on each 
specimen, one test on the end of each interior joist. The overall size of the 
assembly was 4 ft. square. Listed in Table 1 are configurations of all the tests 
carried out. Standard tensile coupons were cut from each thickness and type of 
joist, rim track and clip angle material. 
Offset Loading 
One of the parameters to be tested was the offset of the loadbearing stud and the 
joist. The AISI General Provisions (AISI, 2004b) defines offset limits for cold-
formed steel framing. These limits were based on research (AISI, 2003) that 
investigated the effect of offset loading on the strength of stud and track type 
bearing stiffeners. This work concluded that there is a reduction in capacity if 
the loadbearing stud is offset from the bearing stiffener. To determine how 
significant the offset was to the strength of an assembly with a clip angle 
stiffener, tests were carried out with different offset conditions. Shown in Figure 
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2 are the specimen configurations based on having the clip angle inside the joist 
flange or on the back, and with offsets left or right. 
Experimental Results - Failure Modes 
The results of all the tests are available in the research report published by AISI 
(AISI, 2005). In general the failure modes were associated with local buckling 
of the bearing stiffener, excessive deformation, screw shear or punch-through of 
the track flange. 
Clip Angle Failure: The most common failure mode included combinations of 
web crippling of the joist and rim track along with local buckling of the clip 
angle. The photograph in Figure 3 shows a typical clip angle failure. 
Excessive Deformation: The photograph in Figure 4 shows the failure of a 
“Back, Offset-Left” configuration. The large deformation associated with this 
type of loading is apparent from the photo. In general, if the load was Offset-
Left (with the clip angle either inside or on the back of the joist) such that the 
loadbearing stud was over the joist flange, there was significant deformation 
prior to ultimate failure. 
Screw Shear: In some assemblies the screws connecting the clip angle to the 
joist or rim track failed in shear/tension prior to the ultimate load. In those cases 
where the failure of the assembly was ultimately associated with the local 
buckling of the clip angle, failing the screw was not considered to invalidate the 
test. However, in some tests with the 103 mil thick clip angles, the screws failed 
but the clip angle did not. The test was discontinued due to excessive 
deformation. An example of this type of failure is illustrated in the photograph 
in Figure 5. Assemblies that failed in this manner were not used in developing 
the predictor equation since the clip angle did not fail. 
Track Flange Failure: In four of the assemblies, again those with the 103 mil 
clip angles, failure was caused by the loadbearing stud punching through the 
wall track and shearing the flange of the rim track. This type of failure, as well 
as the failure associated with shearing the screws discussed above, indicate that 
caution is needed when using the very thick clip angles. If there is not a direct 
load path into the clip angle, the assembly may fail in a mechanism not 
predicted by a clip angle compression member model. 
Effect of Offset Loading: The different configurations of offset loading are 
shown in Figure 2, and the photo in Figure 4 shows the deformation that occurs 
with an Offset-Left loading. The plots in Figures 6 and 7 compare the effects of 
the load offset for both the inside and back clip angle locations. It is apparent 
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that the capacity of the assembly increases as the load is applied more directly 
over the web of the joist, and that the deformation increases as the load moves 
over the flange. This behavior is accounted for in the predictor equation for the 
strength of the assembly. 
Prediction Equation 
The following expression is proposed to predict the nominal capacity, Pn, of the 
assembly: 
Pn = (Pj + Pt + 0.5AgFy) β 
where, 
 Pj = End-two-flange web crippling capacity of the joist 
 Pt = Interior-two-flange web crippling capacity of the rim track 
 Ag = Gross area of the clip angle stiffener 
 Fy = Yield strength of clip angle 
 β = Offset loading reduction coefficient 
  = 0.90 for Back Inline and Inside Offset-Left configurations 
  = 0.50 for Back Offset-Left configuration 
  = 1.0 for all other cases 
The above equation is valid within the following range of parameters: 
Screws #8 minimum for clip angle 
thicknesses up to 54 mil (1.37 mm), 
and #10 minimum for thicker 
angles 
Floor Joist and Rim Track 
Thickness:   43 to 103 mil (1.09 to 2.62 mm) 
Design Yield Strength: 33 or 50 ksi (230 or 345 MPa) 
depending on material thickness 
Nominal Depth:   8 to 12 inch (203 to 305 mm) 
Bearing Width:   1-1/2 inch (38 mm) 
Clip Angle 
Thickness:   30 to 75 mil (0.76 to 1.91 mm) 
Design Yield Strength: 33 or 50 ksi (230 or 345 MPa) 
depending on material thickness 
Stiffener Length: Not less than 3/8 inch (9.5 mm) 
shorter than the joist depth 
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Size: 1-1/2 x 1-1/2 inch angle (38 x 38 
mm) 
Screws: At least three screws connecting 
each leg equally spaced 
The proposed equation was selected after considering a number of alternatives 
and simplifying assumptions. For example, given the complex interaction 
between the deformation of the assembly and the axial load being transferred 
into the clip angle, it is impossible to determine the exact distribution of forces. 
Consequently, the clip angle was assumed to be a member subject to a uniform 
axial compressive stress with local bucking as the only failure mode.  
Alternative predictor equations were considered based on a reduced stress on the 
gross area as well as the yield stress on an effective area of the clip angle. Using 
the gross area of the angle makes the calculation process much easier. Given the 
variability in the results, any increased accuracy that may result from using the 
effective area does not justify the added complexity of calculation.  
Experimental Results – Test and Predicted Capacities 
Listed in Table 2 is a summary are the predicted capacities determined 
according to the proposed predictor equation. Shown in Figure 8 is a plot of the 
test/predicted ratios versus the joist depth for all data.  
Phi and Omega Factors 
The following statistical data based on the test results was used to determine the 
phi and omega factors listed below: 
• Number of tests = 112 
• Average test/predicted = 1.076 
• COV for test/predicted = 0.186 
• Calibration method following the Commentary to the AISI Specification 
(AISI, 2004a) including the number of tests. 
• Statistical data from Specification Table F1, “Structural Members Not 
Listed Above”. 
United States Canada 
Ω (ASD) φ (LRFD) φ (LSD) 
1.81 0.85 0.71 
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Conclusions 
The following conclusions are proposed: 
• A recommendation is provided for an equation to calculate the end-two-
flange web crippling capacity of a cold formed steel floor joist assembly 
with a clip angle bearing stiffener. The predictor equation adds the web 
crippling capacity of the joist, the web crippling capacity of the rim track, 
and the axial capacity of the clip angle. To simplify the calculations, a 
reduced stress on the gross area of the clip angle is used instead of an 
effective area.  
• If the loadbearing stud is offset from the centerline of the floor joist such 
that the stud is bearing over the joist flange, there can be a reduction in the 
strength of the assembly accompanied by larger deformations. 
Recommendations have been made for reductions in the predicted capacity 
for these situations. 
• The assemblies with the 103 mil thick clip angles experienced a number of 
other problems not occurring with the thinner angles (e.g. screw shear and 
track punch-through). Given this behaviour, it was deemed prudent to limit 
application of the proposed predictor equation to 75 mil thick clip angles 
and thinner as indicated. 
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APPENDIX – Notation 
 Fy = Yield strength of material, ksi (MPa) 
 Fu = Tensile strength of material, ksi (MPa) 
 mils = inch/1000 
 Pj = End-two-flange web crippling capacity of the joist, kips (N) 
 Pt = Interior-two-flange web crippling capacity of the rim track, 
kips (N) 
 Ag = Gross area of the clip angle stiffener, in2 (mm2) 
 β = Offset loading reduction coefficient 
  = 0.90 for Back Inline and Inside Offset-Left configurations 
  = 0.50 for Back Offset-Left configuration 
  = 1.0 for all other cases 
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Table 1: Test Configurations 
Assembly 
Number 
Depth 
(in) 
Joist 
Thickness
(mils) 
Rim Track
Thickness
(mils) 
Clip Angle
Thickness
(mils) 
Clip Angle
Location 
Load 
Offset 
1A-1 & 2 60 
1B-1 & 2 
8  103 33 
75 
Inside In-Line 
2A-1,2,3 & 4 Inside In-Line 
2B-1,2 & 3 
8 48 33 75 
Back In-Line 
3A-1 & 2 Inside In-Line 
3B-1,2 & 3 
8 48 33 60 
Back In-Line 
4A-1,2 & 3 Inside Offset L 
4B-1,2 & 3 
8 48 33 60 
Back Offset L 
5A-1,2 & 3 Inside Offset R 
5B-1 & 2 
8 48 33 60 
Back Offset R 
6A-1 & 2 Inside In-Line 
6B-1 & 2 
10 54 33 60 
Inside Offset R 
7A-1 & 2 Inside In-Line 
7B-1 & 2 
10 54 33 75 
Back In-Line 
8A-1 & 2 60 
8B-1 & 2 
10 103 33 
75 
Inside In-Line 
9A-1 & 2 60 
9B-1,2 & 3 
12 48 33 
75 
Inside In-Line 
10A-1 & 2 60 
10B-1 & 2 
12 75 33 
75 
Inside In-Line 
11A-1,2 & 3 48 
11B-1 & 2 
12 
75 
33 75 Inside In-Line 
12A-1 & 2 60 
12B-1 & 2 
12 75 33 
75 
Back In-Line 
13A-1 & 2 60 
13B-1 & 2 
10 54 33 
75 
Back In-Line 
14A-1 & 2 54 
14B-1 & 2 
10 
103 
33 75 Inside In-Line 
15A-1,2 & 3 48 
15B-1 & 2 
8 
103 
33 75 Inside In-Line 
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Table 1: Test Configurations (Cont’d) 
Assembly 
Number 
Depth 
(in) 
Joist 
Thickness
(mils) 
Rim Track
Thickness
(mils) 
Clip Angle
Thickness
(mils) 
Clip Angle
Location 
Load 
Offset 
16A-1 & 2 12 48 33 60 
17A-1 & 2 8 48 33 75 
Inside Offset R 
18A Inside In-Line 
18B 
103 
Inside Right 
18C Inside In-Line 
18D 
8 75 54 
43 
Inside Left 
19A Inside In-Line 
19B Inside Right 
19C Back In-Line 
19D 
8 75 54 30 
Back Right 
20A Inside Right 
20B Inside Left 
20C Back In-Line 
20D 
8 48 54 30 
Back Right 
21A Inside Right 
21B Inside Left 
21C Back In-Line 
21D 
8 48 54 103 
Back Right 
22A Inside In-Line 
22B Inside Right 
22C Back In-Line 
22D 
10 43 54 30 
Back Right 
23A Inside Right 
23B Inside Left 
23C Back In-Line 
23D 
10 75 54 103 
Back Right 
24A Inside In-Line 
24B Inside Right 
24C Back In-Line 
24D 
12 48 54 43 
Back Right 
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Table 1: Test Configurations (Cont’d) 
Assembly 
Number 
Depth 
(in) 
Joist 
Thickness
(mils) 
Rim 
Track 
Thickness
(mils) 
Clip 
Angle 
Thickness
(mils) 
Clip 
Angle 
Location
Load 
Offset 
25A Inside Right 
25B Inside Left 
25C Back In-Line 
25D 
12 54 54 43 
Back Right 
26A Inside Right 
26B Inside Left 
26C Back In-Line 
26D 
12 54 54 103 
Back Right 
27A Back In-Line 
27B 
54 103 
Back Right 
27C Back In-Line 
27D 
8 75 
33 30 
Back Right 
28A Back In-Line 
28B 
103 
Back Right 
28C Back In-Line 
28D 
10 103 54 
43 
Back Right 
29A Inside Right 
29B Inside Left 
29C Back In-Line 
29D 
10 97 54 30 
Back Right 
 
Table 2: Summary of Predictor Equation Results 
Stiffener 
Location Alignment 
Number or 
Tests 
Avg. 
Test/Predicted 
C.O.V. 
Test/Predicted 
Inside In-Line 45 1.105 0.171 
Back In-Line 25 1.004 0.200 
Inside Offset-Left 10 1.019 0.247 
Back Offset-Left 3 1.038 0.064 
Inside Offset-Right 13 1.033 0.185 
Back Offset-Right 16 1.181 0.156 
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Figure 1: Test Setup 
 
Figure 2: Offset Loading Conditions 
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Figure 3: Photograph of a Clip Angle Failure 
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Figure 4: Photograph of Excessive Deformation 
 
 
Figure 5: Photograph of Screw Shear without Clip Angle Failure 
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Figure 6: Load-Displacement Plots for Offset Loading of Inside Stiffener 
 
Figure 7: Load-Displacement Plots for Offset Loading of Back Stiffener 
 
Figure 8: Test/Predicted Ratios for All Data 
 
